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UHPRYLQJWKHDSSOLHGVWUHVV3('XHWRWKHVHIHDWXUHV1L7LDOOR\VDUHXVHGLQDQLQFUHDVLQJQXPEHURIHQJLQHHULQJ
DQGPHGLFDODSSOLFDWLRQV>@ZKHUHERWK60(DQG3(DUHXVHGIRUWKHUHDOL]DWLRQRIVPDUWFRPSRQHQWVDQGV\VWHPV
+RZHYHUWKHPRVWLPSRUWDQWDSSOLFDWLRQVRI1L7LDOOR\VDUHLQWKHILHOGRIPHGLFLQH>@ZKHUHWKH\DUHXVHGIRUWKH
UHDOL]DWLRQ RI FDUGLRYDVFXODU VWHQW HPEROLF SURWHFWLRQ ILOWHUV RUWKRSHGLF FRPSRQHQWV RUWKRGRQWLF ZLUHV PLFUR
VXUJLFDODQGHQGRVFRSLFGHYLFHV
$VDGLUHFWFRQVHTXHQFHRIWKLVLQFUHDVLQJLQWHUHVWVHYHUDOVWXGLHVZHUHFDUULHGRXWLQWKHODVWGHFDGHVWREHWWHU
XQGHUVWDQG WKH WKHUPRPHFKDQLFDO SURSHUWLHV RI 1L7L DOOR\V >@ +RZHYHU PDQ\ DVSHFWV UHODWHG WR PHFKDQLFDO
SURSHUWLHV RI VXFK DOOR\V DUH VWLOO XQNQRZQ HVSHFLDOO\ EHFDXVH QHDU FUDFN WLS SKDVH WUDQVIRUPDWLRQV VLJQLILFDQWO\
DIIHFW WKH IDWLJXH DQG IUDFWXUH UHVSRQVH >@ DQG FRQVHTXHQWO\ VWDQGDUG OLQHDU HODVWLF DQGRU HODVWLF SODVWLF
WKHRULHVFDQQRWEHGLUHFWO\DSSOLHG
:LWKLQWKLVFRQWH[WWKHGHYHORSPHQWDQGDSSOLFDWLRQRIIXOOILHOGWHFKQLTXHVWRDQDO\]HWKHORFDOWUDQVIRUPDWLRQ
PHFKDQLVPV QHDU JHRPHWULFDO GLVFRQWLQXLWLHV DQG LQ SDUWLFXODU LQ WKH FUDFN WLS UHJLRQ UHSUHVHQWV D KLJKO\
FKDOOHQJLQJ VFLHQWLILF JRDO )RU WKLV SXUSRVH V\QFKURWURQ ;UD\ PLFURGLIIUDFWLRQ ;5' >  @ LQIUDUHG
WKHUPRJUDSKLF,5>@DQG'LJLWDO,PDJH&RUUHODWLRQ',&>@WHFKQLTXHVZHUHUHFHQWO\DSSOLHGWR
EHWWHUXQGHUVWDQGWKHPHFKDQLVPVRISKDVHWUDQVIRUPDWLRQDWWKHQRWFKDQGRUFUDFNWLSSUR[LPLW\
,QWKHSUHVHQWZRUN',&PHWKRGLVDSSOLHGWRVWXG\IUDFWXUHSURSHUWLHVRIDFRPPHUFLDO1L7LSVHXGRHODVWLFDOOR\
,QSDUWLFXODUWKHPHDVXUHGQHDUFUDFNWLSGLVSODFHPHQWILHOGLVXVHGWRHVWLPDWHWKHVWUHVVLQWHQVLW\IDFWRU6,)E\D
SURSHUILWWLQJSURFHGXUHEDVHGRQWKH:LOOLDP¶VVHULHVH[SDQVLRQ>@)XUWKHUPRUHWKHHIIHFWVRIKLJKHURUGHUWHUPV
LQ WKH:LOOLDP¶V VHULHV WKH VR FDOOHG7VWUHVVZDV DQDO\]HG IRUGLIIHUHQW VL]HVRI WKHFUDFNWLS ILWWLQJ UHJLRQ DQG
UHVXOWV ZHUH FRPSDUHG ZLWK SUHGLFWLRQV RI D UHFHQW DQDO\WLFDO PRGHO >@ 5HVXOWV UHYHDOHG WKDW GLJLWDO LPDJH
FRUUHODWLRQ LVDSRZHUIXO WRROV IRUHYDOXDWLQJGLVSODFHPHQW ILHOGV LQ WKHFUDFN WLS UHJLRQDQG WRHVWLPDWHHIIHFWLYH
IUDFWXUHFRQWUROSDUDPHWHUV

0DWHULDOVDQGH[SHULPHQWV
$FRPPHUFLDOSVHXGRHODVWLF1L7LVKHHWZLWKWKLFNQHVVt PPDW1L±DW7L7\SH60HPU\
*HUPDQ\ZDVXVHGLQWKLVLQYHVWLJDWLRQ)LJVKRZVWKHLVRWKHUPDOT .VWUHVVVWUDLQıİUHVSRQVHRIWKH
PDWHULDO REWDLQHG IURP D FRPSOHWH ORDGLQJXQORDGLQJ F\FOH XS WR D PD[LPXP GHIRUPDWLRQ RI DERXW  
FRUUHVSRQGLQJWRDFRPSOHWHVWUHVVLQGXFHGPDUWHQVLWHWUDQVIRUPDWLRQ7KHILJXUHDOVRUHSRUWVWKHYDOXHVRIWKHPDLQ
WKHUPRPHFKDQLFDO SDUDPHWHUV RI WKH DOOR\ WUDQVIRUPDWLRQ VWUHVVHV  AMsV 
AM
fV 
MA
sV DQG
MA
fV  WUDQIRUPDWLRQ
VWUDLQ LH <RXQJ¶VPRGXOLRIDXVWHQLWHDQGPDUWHQVLWH AE DQG ME DQG&ODXVLXV&ODSH\URQFRQVWDQWV AC DQG
MC 


)LJ,VRWKHUPDO.VWUHVVVWUDLQFXUYHRIWKHLQYHVWLJDWHGPDWHULDOREWDLQHGIURPDFRPSOHWHORDGLQJXQORDGLQJF\FOH
459 Emanuele Sgambitterra et al. /  Procedia Engineering  109 ( 2015 )  457 – 464 

(GJHQRWFKHGWHQVLRQVSHFLPHQVZHUHFXWIURPWKHVKHHWE\HOHFWURGLVFKDUJHPDFKLQLQJ('0DQGDPP
('0ZLUHZDVXVHG WRPDFKLQH WKHQRWFKDV LOOXVWUDWHGLQ)LJ6XEVHTXHQWO\ WKHVSHFLPHQVZHUHIDWLJXHSUH
FUDFNHGE\XVLQJDVHUYRK\GUDXOLFWHVWLQJPDFKLQH,QVWURQZLWKDPD[LPXPORDG maxP  1 maxV  maxP
Wt 03DDWFRQVWDQWORDGUDWLR5 minV  maxV RIURXJKO\]HURDQGDWDUDWHRI+]WRLQLWLDWHDFUDFNIURPWKH
('0QRWFKWLSXSWRDOHQJWKUDWLRaWLQWKHUDQJHEHWZHHQDQGVHH)LJ


)LJ6LQJOH(GJHFUDFNVSHFLPHQZLWKDIRFXVRIWKHQRWFKUHJLRQDQGKLJKOLJKWVRIWKHLQYHVWLJDWHGUHJLRQV

7HQVLOH ORDGXQORDG PHDVXUHPHQWV ZHUH FDUULHG RXW XS WR D PD[LPXP ORDG P  1 FRUUHVSRQGLQJ WR D
PD[LPXP VWUHVV maxV  maxP Wt 03D E\ XVLQJ DQ HOHFWURPHFKDQLFDO WHVWLQJ PDFKLQH 076 &ULWHULRQ V
86$
$GLJLWDOFDPHUD6RQ\,&;3URVLOLFD*7PRGHOZLWKDUHVROXWLRQRIE\SL[HOVRIȝP
ZDVXVHG WRFDSWXUH LPDJHV WKURXJKRXWPHDVXUHPHQW WHVWV7KHIRFXVRI WKH LPDJHVZDVSHUIRUPHGXVLQJD/LQRV
3KRWRQLFVREMHFWLYHDQGD5RGDJRQOHQVIPPZKLFKHQVXUHV LQFRQGLWLRQVRIFRUUHFWLOOXPLQDWLRQDVFDOHRI
DSSUR[LPDWHO\SL[HOVPP
'LJLWDO LPDJH FRUUHODWLRQ ZDV SHUIRUPHG E\ XVLQJ WKH 9,&' FRPPHUFLDO VRIWZDUH &RUUHODWHG 6ROXWLRQV
86$WRREWDLQWKHQHDUFUDFNWLSIXOOILHOGGLVSODFHPHQWVGXULQJORDGLQJF\FOHV7RWKLVDLPWKHILUVWLPDJHLQWKH
PHDVXUHPHQWF\FOH DWPLQLPXPORDGZDVXVHGDV WKH UHIHUHQFH LPDJHDQG WHUPVXS WR ILUVWRUGHUGLVSODFHPHQW
JUDGLHQWVZHUHXVHGLQDOOFRUUHODWLRQV7KHVHODWWHUZHUHSHUIRUPHGXVLQJDVXEVHWVL]HRISL[HOVDQGDVSDFLQJRI
SL[HOVEHWZHHQVXEVHWFHQWHUV
)LQDOO\ WKHZKROH H[SHULPHQWDO VHWXS LQFOXGLQJ WKH WHVWLQJPDFKLQHZDV SODFHG RQ DQ DQWLVHLVPLF EHQFK WR
DYRLGPHDVXUHPHQWVHUURUVGXHWRXQDYRLGDEOHYLEUDWLRQV

5HVXOWVDQGGLVFXVVLRQ
)XOOILHOG GLVSODFHPHQWV ZHUH REWDLQHG IURP ',& PHDVXUHPHQWV &RQWRXU SORWV RI vGLVSODFHPHQWV
SHUSHQGLFXODUWRWKHFUDFNOLQHZHUHFUHDWHGIRUWKHLPDJHVUHFRUGHGGXULQJWKHORDGXQORDGKLVWRU\7ZRUHJLRQV
QHDUWKHFUDFNWLSZLWKGLIIHUHQWVL]HVVHH)LJZHUHLQYHVWLJDWHGLQRUGHUWRHYDOXDWHWKHHIIHFWVRIKLJKHURUGHU
WHUPV LQ WKH:LOOLDP¶V VHULHV WKH VR FDOOHG 7VWUHVV >@ )LJ  VKRZV DV DQ H[DPSOH WKH FRQWRXU SORWV RI v
GLVSODFHPHQWV DW WKH PD[LPXP ORDG IRU ERWK WKH LQYHVWLJDWHG UHJLRQV )RU WKH VDNH RI FRPSDULVRQ WKH EODFN
UHFWDQJOHLQ)LJDUHSUHVHQWVWKHDUHDVKRZQLQ)LJE
7R GHWHUPLQH WKH VWUHVV LQWHQVLW\ IDFWRU WKH VSHFLPHQ DFWXDOO\ H[SHULHQFHV D OHDVW VTXDUHV UHJUHVVLRQ ZDV
SHUIRUPHG RQ WKH ',& PHDVXUHG GLVSODFHPHQWV ,QLWLDOO\ WKUHH SDUDPHWHUV ZHUH XVHG LQ WKH UHJUHVVLRQ VWUHVV
LQWHQVLW\IDFWRUKIULJLGURWDWLRQADQGULJLGWUDQVODWLRQBDVJLYHQE\
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
)LJ&DOFXODWHGYHUWLFDOGLVSODFHPHQWILHOGVQHDUWKHFUDFNWLSIURPGLJLWDOLPDJHFRUUHODWLRQDELJJHUILWWLQJUHJLRQPP[PPE
VPDOOHUILWWLQJUHJLRQPP[PP

,W LV LPSRUWDQW WRXQGHUOLQH WKDW WKLV UHJUHVVLRQDFFRXQWV IRU WKHFRQWULEXWLRQ WRGLVSODFHPHQWRIRQO\ WKHPRVW
VLQJXODUWHUPLQWKHDV\PSWRWLFH[SDQVLRQIRUVWUHVVHVLHKI
7RGHWHUPLQHKRZZHOO WKH UHJUHVVLRQ IXQFWLRQPDWFKHV H[SHULPHQWDO GDWD )LJ  FRPSDUHV',&PHDVXUHGv
GLVSODFHPHQWVVROLGEOXHFRQWRXUVZLWKWKRVHFDOFXODWHGIURPWKHDIRUHPHQWLRQHGUHJUHVVLRQGRWWHGUHGFRQWRXUV
,QSDUWLFXODU)LJDUHSRUWVFRQWRXUSORWVIRUWKHELJJHUILWWLQJUHJLRQZKHUHDV)LJEUHSRUWVUHVXOWVIRUWKHVPDOOHU
RQH,WLVLPSRUWDQWWRXQGHUOLQHWKDWDOOWKHUHVXOWVDUHUHODWHGWRWKHvGLVSODFHPHQWILHOGVREWDLQHGDIWHUHOLPLQDWLQJ
WKHULJLGURWDWLRQADQGWKHULJLGWUDQVODWLRQBFDOFXODWHGE\WKHILWWLQJSURFHGXUH
$VVHHQLQ)LJDWKHDJUHHPHQWEHWZHHQH[SHULPHQWDODQGUHJUHVVLRQFRQWRXUVLVSRRUDWODUJHGLVWDQFHVIURP
WKHFUDFNWLSEHFDXVHWKHHTXDWLRQLVDQDV\PSWRWLFHODVWLFVROXWLRQRIWKHIUDFWXUHPHFKDQLF$VWKHGLVWDQFHIURP
WKHFUDFNWLSGHFUHDVHVDJUHHPHQWEHWZHHQH[SHULPHQWVDQGUHJUHVVLRQLPSURYHVVHH)LJE
:KHQWKHGLVWDQFHIURPWKHFUDFNWLS LQFUHDVHVKLJKHURUGHU WHUPVPDLQO\7VWUHVVKDYHLQFUHDVLQJLQIOXHQFH
RYHU GLVSODFHPHQWV 7R DFFRXQW IRU WKH 7VWUHVV DQG LWV HIIHFWV DW ODUJHU GLVWDQFHV D VHFRQG UHJUHVVLRQ ZDV
SHUIRUPHG,QWKLVFDVHWKHDQDO\WLFDOHTXDWLRQGHVFULELQJWKHYHUWLFDOGLVSODFHPHQWILHOGSHUSHQGLFXODUWRWKHFUDFN
OLQHLVJLYHQE\
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
&RQWRXUVRIvGLVSODFHPHQWIRUWKHQHZUHJUHVVLRQDUHSORWWHGLQ)LJ$GLUHFWFRPSDULVRQEHWZHHQ)LJDDQG
)LJDLHIRUWKHELJJHUILWWLQJUHJLRQUHYHDOVWKDWLQFOXGLQJWKH7VWUHVVSDUDPHWHUH[SHULPHQWDODQGUHJUHVVLRQ
FRQWRXUVPDWFKXSEHWWHURYHUWKHHQWLUHUHJLRQVXUURXQGLQJWKHFUDFNWLS)LJVEDQGEVKRZVLPLODUUHVXOWVIRUWKH
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VPDOOHUILWWLQJUHJLRQEHFDXVHGLVSODFHPHQWVDUHGRPLQDWHGE\WKHKIWHUPDQGWKHLQFOXVLRQRIWKH7VWUHVVKDVOLWWOH
LPSDFWRQWKHVKDSHRIWKHUHJUHVVLRQFRQWRXUV

 
)LJ&RPSDULVRQEHWZHHQWKHPHDVXUHGDQGWKHDQDO\WLFDOYHUWLFDOGLVSODFHPHQWILHOGVQHDUWKHFUDFNWLSZLWKQR7VWUHVVYDULDEOHDELJJHU
ILWWLQJUHJLRQPP[PPEVPDOOHUILWWLQJUHJLRQPP[PP


 
)LJ&RPSDULVRQEHWZHHQWKHPHDVXUHGDQGWKHDQDO\WLFDOYHUWLFDOGLVSODFHPHQWILHOGVQHDUWKHFUDFNWLSZLWK7VWUHVVYDULDEOHDELJJHUILWWLQJ
UHJLRQPP[PPEVPDOOHUILWWLQJUHJLRQPP[PP

7KH VWUHVV LQWHQVLW\ IDFWRU ZKLFK WKH VSHFLPHQ H[SHULHQFHG GXULQJ WKH ORDG KLVWRU\ REWDLQHG IURP WKH ILWWLQJ
SURFHGXUH ZDV DOVR DQDO\VHG IRU ERWK WKH LQYHVWLJDWLRQ UHJLRQV VHH )LJ  7R WKLV DLP WZR GLIIHUHQW HODVWLF
SURSHUWLHVRI WKHPDWHULDOZHUHFRQVLGHUHGDV LQSXWSDUDPHWHURI WKHQXPHULFDOSURFHGXUHDQG WZRGLIIHUHQWVWUHVV
LQWHQVLW\IDFWRUDFFRUGLQJWRWKHDQDO\WLFDODSSURDFKUHSRUWHGLQ>@ZHUHFDOFXODWHG,QSDUWLFXODUIRUWKHELJJHU
ILWWLQJ UHJLRQ D <RXQJ¶V PRGXOXV EA  *3D ZDV FRQVLGHUHG DV DXVWHQLWH LV WKH SUHGRPLQDQW SKDVH DQG WKH
DXVWHQLWLF VWUHVV LQWHQVLW\ IDFWRUKIA ZDV FDOFXODWHG IRU WKH VPDOOHU ILWWLQJ UHJLRQ LQVWHDG D <RXQJ¶V PRGXOXV
EM *3DZDVVHOHFWHGEHFDXVHIRUWKLVVFDOHWKHSKDVHWUDQVIRUPDWLRQPHFKDQLVPLQYROYLQJWKHQHDUFUDFNWLS
]RQHKDYHDKLJKHULQIOXHQFHRQWKHPHFKDQLFDOUHVSRQVHRIWKHPDWHULDODQGWKHPDUWHQVLWLFVWUHVVLQWHQVLW\IDFWRU
KIMZDVREWDLQHG
)LJUHSRUWVWKHKLJKHVWVWUHVVLQWHQVLW\IDFWRUYDOXHVKIMDQGKIAUHFRUGHGGXULQJWKHORDGXQORDGWHVWLHWKH
RQHVREWDLQHGDWWKHPD[LPXPDSSOLHGORDG
5HVXOWV UHYHDOHG WKDW WKH 7VWUHVV SDUDPHWHU VLJQLILFDQWO\ DIIHFWV WKH 6,) YDOXH IRU WKH ELJJHU ILWWLQJ UHJLRQ
ZKHUHDV LWV LQIOXHQFHFRPSOHWHO\YDQLVKDW WKHYHU\QHDUFUDFN WLS UHJLRQDVDOVRSUHYLRXVO\GHPRQVWUDWHGE\ WKH
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FRQWRXUSORWVRIWKHGLVSODFHPHQWILHOGV)XUWKHUPRUHUHVXOWVVKRZHGDGHFUHDVHLQVWUHVVLQWHQVLW\IDFWRUKIZKHQ
GHFUHDVLQJWKHVL]HRIWKHILWWLQJUHJLRQLHZKHQDSSURDFKLQJWKHFUDFNWLSDVDOVRJLYHQE\WKHUHIHUHQFHPRGHOLQ
UHI>@


)LJVWUHVVLQWHQVLW\IDFWRUYDOXHV.,0DQG.,$UHFRUGHGDWWKHPD[LPXPDSSOLHGORDGIRUERWKWKHUHJLRQVRILQWHUHVW

7KHREWDLQHGUHVXOWVZHUHFRPSDUHGZLWKWKHSUHGLFWLRQVJLYHQE\UHI>@ZKHUHWKHKIMKIAUDWLRIRUSODQHVWUHVV
FRQGLWLRQVLVFDOFXODWHGDVIROORZ

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:KHUHĮM EMEA,WLVLPSRUWDQWWRXQGHUOLQHWKDWEHFDXVHWKHVHFRQGUHJUHVVLRQSURYLGHVPRUHDFFXUDWHKIYDOXHV
DQGDEHWWHUILWWRH[SHULPHQWDOGDWDRQO\WKHKIMKIAUDWLRREWDLQHGIURPWKH7VWUHVVUHJUHVVLRQZHUHDGRSWHGLQ
WKLVLQYHVWLJDWLRQ7DEOHUHSRUWVWKHFRPSDULVRQEHWZHHQWKHDQDO\WLFDODQGH[SHULPHQWDOUDWLR
  7DEOH&RPSDULVRQEHWZHHQH[SHULPHQWDODQGDQDO\WLFDOKIMKIAUDWLR
KIMKIA>@
([SHULPHQWDO $QDO\WLFDO
 

5HVXOWV VKRZHG D PLVPDWFK EHWZHHQ H[SHULPHQW DQG DQDO\WLFDO VROXWLRQ KRZHYHU LW KDV WR SRLQW RXW WKDW
H[SHULPHQWDOUHVXOWVDUHKLJKO\DIIHFWHGE\WKHHODVWLFFRQVWDQWVWKDWDFWXDOO\UHSUHVHQWRQHRIWKHPRVWLVVXHUHODWHG
WR WKH 1L7L VKDSH PHPRU\ DOOR\V HVSHFLDOO\ ZKHQ GHDOLQJ ZLWK SKDVH WUDQVIRUPDWLRQ SKHQRPHQD )XUWKHUPRUH
H[SHULPHQWDOUHVXOWVUHSUHVHQWWKHHIIHFWLYHUHVSRQVHRIWKHPDWHULDOEHFDXVHWKH\DUHEDVHGRQWKHUHDOGLVSODFHPHQW
ILHOGRI WKHVDPSOHZKHUHDV WKHDQDO\WLFDO UHVXOWVDUHUHODWHGRQ WKHDSSUR[LPDWHG OLQHDUHODVWLFIUDFWXUHPHFKDQLF
/()0VROXWLRQ

&RQFOXVLRQV
'LJLWDO,PDJH&RUUHODWLRQWHFKQLTXHZDVDSSOLHGWRVWXG\IUDFWXUHSURSHUWLHVRIDFRPPHUFLDO1L7LSVHXGRHODVWLF
DOOR\ ,QSDUWLFXODU WKHPHDVXUHGQHDU FUDFN WLSGLVSODFHPHQW ILHOGZDVXVHG WRHVWLPDWH WKH VWUHVV LQWHQVLW\ IDFWRU
6,)E\DSURSHUILWWLQJSURFHGXUHEDVHGRQWKH:LOOLDP¶VVHULHVH[SDQVLRQ7KHHIIHFWVRIKLJKHURUGHUWHUPVLQWKH
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:LOOLDP¶V VHULHV WKH VRFDOOHG7VWUHVVZDVDQDO\]HG IRUGLIIHUHQW VL]HVRI WKHFUDFNWLS ILWWLQJ UHJLRQDQG UHVXOWV
ZHUHFRPSDUHGZLWKSUHGLFWLRQVRIDUHFHQWDQDO\WLFDOPRGHO5HVXOWVUHYHDOHGWKDW
x GLJLWDO LPDJH FRUUHODWLRQ LV DSRZHUIXO WRROV IRU HYDOXDWLQJGLVSODFHPHQW ILHOGV LQ WKH FUDFN WLS UHJLRQ DQG WR
HVWLPDWHWKHHIIHFWLYHIUDFWXUHFRQWUROSDUDPHWHUV
x 7KHUH LV D PLVPDWFK EHWZHHQ H[SHULPHQW DQG DQDO\WLFDO VROXWLRQ LQ WHUPV RI KIMKIA UDWLR GXH WR WKH
DSSUR[LPDWLRQ UHODWHG WR WKH HODVWLF FRQVWDQWV RI WKH PDWHULDO GXULQJ SKDVH WUDQVIRUPDWLRQ DQG EHFDXVH WKH
H[SHULPHQWDOUHVXOWVDUHEDVHGRQWKHHIIHFWLYHUHVSRQVHRIWKHPDWHULDOZKHUHDVWKHDQDO\WLFDORQHDUHEDVHGRQ
WKHDSSUR[LPDWHGOLQHDUHODVWLFIUDFWXUHPHFKDQLFDOVROXWLRQ

$NQRZOHGJHPHQWV
7KH DXWKRUV ZLVK WR WKDQN ³0D7H5L$ /DERUDWRU\´ 8QLYHUVLW\ RI &DODEULD IXQGHG ZLWK ³321 5LFHUFD H
&RPSHWLWLYLWj´IRUSURYLGLQJHTXLSPHQWWRSHUIRUPQDQRLQGHQWDWLRQH[SHULPHQWV

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